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Fig. 1. Prototype multi-sensor telemetry
transmitter (minus compass sensor) intended
for use in monitoring predation by the

-- white shark on pinnipeds in the Pont
Reyes/Farallon Island National Marine
Sanctuary.

Fig. 2. Sensor to record shark swimming

speed. The sensor consists of a paddle
wheel with transversely embedded magnets .-

and an inductive pickup (core and coil)

potted within the transmitter's end cap. all

Fig. 3. Computer monitor to display
multiplexed sensor data from 8 channels of

the transmitter either graphically or
numerically before storing the data on

floppy disk. The data may either be from a

tracked shark or a sonde used to obtain
oceanographic measurements.
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Fig. 7. The decoder can be comfortably
operated from the aft seat of the research/vessel. Note the dark blue seat built into

/ : * the floor of the vessel for keeping the
decoder secure during operation.9

Fig. S. APK calibrating temperature sensor
of transmitter in refrigerated water bath
(lower left). Telemetry receiver on top of
computerized decoder housing.

A1
T2 TEMP VS Pi

40F

35 Fig. 9. Plot of temperature as a function of
°_ _ _ _ _ J pulse interval. Note observed values

30 (squares) lie in a curve, deviating
slightly from regression line based on sameZ7 0°__________ values. The computer will convert a PI toa temperature using the straight rather

' "' than the curved line. Although the maximum
o*0 - .- . ,descrepancy is only +0.75 deg C, increased

accuracy may be achieved by programming the -

I computer to interpolate temperature from a
,"20 .0 ' .50' file of calibration values.
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differences in the design and mesh sizes of different bottom gill nets were

ignored in this comparison. White sharks in the 3.1-4.5 m size class were

caught most often with bottom gill nets and set lines (see Table 1). Since

effort with the former gear type was so similar for both areas and with the

latter type was greater south of Point Conception (see Fig. 2), it is unlikely

that the higher percentage of sharks caught in this size class south than north

of Point Conception was due to a difference ir fishing effort. Finally, white

sharks in the 4.6-6.0 m size class were caught most frequently by gill net and

harpoon. It is possible that the greater harpoon fishing effort in southern

California (12.5 % of the records) compared to that in northern California (6.7

%) might explain in part the larger numbers of large females captured off

southern California.

Both male and female white sharks were caught more frequently during the

summer and fall seasons (lower righthand histograms for south and north of Point

Conception in Fig. 2). Seasons in the histograms consist of three month periods

with summer from June to August and fall from September to November. Again the

catch records for different seasons are presented as percentages of the total

number of males and females captured. Does this summer-fall peak truly reflect

a greater abundance of white sharks, or does it only reflect greater fishing

effort at this time? Although the peak north of Point Conception is paralleled

by large landings of fishes in the San Francisco and Monterey Areas (lower

lefthand histogram in the upper half of Fig. 2), the peak south of Point

Conception is not paralleled by high seasonal landings in the Los Angeles and

San Diego Areas during the summer but is during fall (see lower lefthand

histogram in bottom half of Fig. 2). The landings were compiled by Pinkas

(1974) from landings during 1972. There appears to be a real increase in

abundance of both male and females in the summer. Since the males and females

caught at this time are mostly in the 0-1.5 m size class, this peak may be due
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For instance, the landing of fishes in the San Francisco Area was the smallest,

constituting only 4.2 % of the total of landings along the California coast;

however, the 17 catch reports in this area was the second largest total,

constituting 26.6 % of the total number of white sharks reported captured along

the California coastline. On the other hand, the largest landing, 47.3 % of the

total catch, was in the Los Angeles Area where only five catch reports, or 7.8 %

of the total, were recorded. In the four remaining zones the capture

percentages were: 1) 3.1 % for the Eureka Area, 2) 7.8 % for the Monterey Area,

3) 28.1 % for the Santa Barbara Area, and 4) 26.6 % for the San Diego Area.

These were also not correlated with fishing effort. Although the numbers of

captures in the different zones can not be attributed to differences in effort,

it is possible that the high numbers of captures reported, in particular in the

San Francisco Area, could be due to the presence there of investigators

interested in documenting such captures. Those sources providing eight or more

percent of the reports are presented in Fig. 1 to the right of the locations of

their institutions. William Follett of the California Academy of Science and

Leonard Compagno, at one time at Stanford University and later at the Tiburon

Center for Environmental Studies were both at locations near San Francisco, and p

they accounted for 25 % of the total number of reports. Cam Swift of the

Natural History Museum of Los Angeles County took records of the small white

sharks captured by Bruce Henke near Santa Barbara prior to 1977, and Seaworld

has done this since 1977. In recent years Seaworld has probably increased

fishing effort for smaller white sharks in Southern California by offering

substantial monetary rewards for captured white sharks to be placed in the

Seaworld shark exhibit.

Size Segregation

Do juvenile and adult white sharks occupy different geographical areas as do

13



cartilaginous fishes (addit., brown smoothhound-Mustelus henlei, soupfin shark-

Galeorhinus zygopterus, and bat ray-Myliobatis californica), a pinniped (harbor

seal-Phoca vitulina), and a crustacean. Large sharks greater than 4000 mm in

length fed on pinnipeds (northern elephant seal-Mirounga angustirostris and

California sea lion-Zalophus californiensis, bony fishes (Pacific hake-

Merluccius productus), cartilaginous fishes (basking shark-Cetorhinus maximus),

and crustaceans (market crab-Cancer magister). The increasing importance of

pinnipeds over fishes in the diets of larger white sharks probably affects their

distribution. Since pinnipeds haul out both inshore and offshore north of Point

Conception, white sharks may move into both of these areas to capture prey.

Since pinnipeds haul out only offshore on islands south of Point Conception,

white sharks probably remain offshore there where prey is available.

Finally, the frequency with which white shark captures are being reported is

increasing. The numbers of white sharks captured during two-year periods from

1934 to 1983 are presented in figure 8. Although there is considerable

variability in records on both the annual and biennial scales, the numbers of

captures appear to be increasing, in particular, since 1974. There are biennial

frequency peaks, 1958-1959 and 1976-1977. The reports in the former peak were

primarily from northern California, and this prevalence was probably due to the

interest of William Follett in recording capture events at that time. The

reports comprising the latter peak were primarily from southern California,

probably due to the public interest aroused from the motion picture "Jaws" in

1975. Furthermore, since then Seaworld has offered a reward for small white

sharks for exhibition; this has probably increased fishing effort. It would be

difficult to attribute increases in the capture rate of white sharks to other

factors such as the recent increases in pinniped populations along the

California coastline without eliminating the effect of other confounding

variables.
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If the years with the maximum numbers of captures are broken down by month

(see upper inserts in Fig. 8), it can be seen that most captures occurred during

the summer both in northern (see 1959) and southern California (see 1976). In

addition, during 1959 there was an additional peak in November.

Discussion

Areal Distribution

If the relative frequency with which white sharks have been caught reflects

their relative abundance (despite the confounding variability from interested

investigators in the larger cities), the frequencies of white sharks captures at

different locations should be correlated with other indicators of relative

abundance. Two such indicators are attacks of white sharks on man and the sea

otter, Enhydra lutris. Attacks on man by the white shark have in all cases but

one (at San Miguel Island) occurred north of Point Conception (Fig. 9). The

attacks shown on the map were obtained from Miller and Collier (1980) and Lea

(pers. com.); these occurred between 1926 and 1982. The shark in all of these

attacks was identified as the white shark either from the victim's description

of the attacking shark or the presence of identifiable tooth fragments in the

victim's wounds (see annotations in Miller and Collier, 1980). This areal

distribution to attacks is what one would expect from the inshore-offshore

capture of large white sharks north of Point Conception and offshore capture of

sharks south of Point Conception. Furthermore, this attack pattern is also

correlated with the distribution of pinnipeds along the coast of California.

The greatest numbers of attacks occurred near San Francisco at Tomales Point

(six attacks), the Farallon Islands (four attacks), and Bodega Rock (two

attacks). Fourteen large white sharks were captured in the same area with eight

at Tomales Bay, four from the Farallon Islands, and two from Bodega Bay. This

number of catches is the largest for a comparable distance of coastline along

21
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pers. com., 2) population censuses and kills of pinnipeds from Ainley et al.,

1981, 3) bite scars on northern elephant seals from LeBoeuf et al. 1982, and

4) mortality of sea otters from Ames and Morejohn 1980.

Accepted for Publication 8 May 1984.

Marine Biology Research Division, A-002. Scripps Institution of Oceanography,

University of California, San Diego, La Jolla, California, 92093.

Running Head: Autoecology of White Shark off West Coast
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Fig. 7. Stomach contents of white sharks caught north and south (stippled) of

Point Conception. The mass (parenthesis) and length (brackets) given after

identities of dietary items to right of shark length scale; the sex of the

shark given to the left of the scale.

Fig. 8. Numbers of white sharks captured biennially from 1934 to 1983 (below)

and monthly (above) during 1959 (lefthand) and 1976 (righthand) along the

western coast of North America. Solid part of histogram bar indicates the

number of captures north of Point Conception, the clear part south of Point

Conception. Number at top of bar to left gives captures during first year;

number to right captures during the second year of biennial class.

Fig. 9. Attacks by white sharks on humans along the western coast of North

America. Records prior to 1979 taken from Miller and Collier (1979); those

from 1980 to 1983 obtained from Lea (pers. com.).

Table Captions

Table 1. Capture information for white sharks caught along the western coast of

North America. DFS: distance from shore; DFC: distance from the coastline;

BD: bottom depth; SD: shark depth; S: sex; X: missing date; NIA: not included

in analysis.

Table 2. Indicators of seasonal abundance of the white shark off the western

coast of North America: 1) aerial survey from Squire, 1967, 2) attack data

from Miller and Collier, 1980, and Lea, pers. com., 3) population censuses and

kills of pinnipeds from Ainley et al., 1981, and mortality of sea otters from

Ames and Morejohn, 1980.

Table 3. Indicators of annual abundance of the white shark off the western

coast of North America: 1) attack data from Miller and Collier 1980, and Lea

34
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3) male and female white sharks during four seasons, and 4) fish landings

during 1972 for four seasons. Landings for north of Point Conception pooled

from the San Francisco and Monterey Areas; landings for south of Point

Conception pooled from the Los Angeles and San Diego Areas. The asterisks

above bars in length histograms indicate statistically significant differences

between the relative number of sharks in that size class north and south of

Point Conception. A non-significent difference indicated by n.s.

Fig. 3. White sharks of different sizes are plotted as a function of latitude.

The season during which the shark was captured indicated by the color and

shape of the symbol. The sex of the shark designated by the presence or

absence of an attached cross. The number of captures in parenthesis.

Multiple captures of similarly sized sharks at the same location indicated by

concentric symbols. Note that small males and females were caught south of

Point Conception (stippling) during summer (solid circles) and fall (clear

circles).

Fig. 4. The distance from coastline and shore at which white shaiks of

different sizes are captured. Note distinction between the distance from the

coastline (circle) and distance from the shore (triangle connected by dashed

line). These two distances only included when the former was greater than the

latter. Also included to the right of the ordinate are the ranges of distance

over which fishing with bottom gill nets (BGN), drift gill nets (DGN), and

harpoons (H) occurs. If the range exceeds that of the ordinate, the upper

horizontal bar excluded.

Fig. 5. Bottom depths over which white sharks of different sizes captured.

Fig. 6. Depths at which white sharks of different sizes captured.

33
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in Maine waters. Copeia, 1962:659-661.

Springer, S. 1950. Natural history notes on the lemon shark, Negaprion

brevirostris. Tex. J. Sci., 1950:349-359.

Squire, Jr., J.L. 1967. Observations of basking sharks and great white sharks

in Monterey Bay, 1948-50. Copeia, 1967:247-250.

Starks, E.C. 1917. The sharks of California. Calif. Fish and Game, 3:145-153.

Suda, A. 1953. Ecological study on the blue shark (Prionace glauca Linne).

South Seas Area Fish. Res. Lab. Rept., 26:1-11.

Walford, L.A. 1931. The sharks and rays of California. Fish. Bull., Division

* of Fish and Game of California, 45:1-66.

Figure Captions

* Fig. 1. Locations of white shark captures along the western of North America.

Captures identified by numbers given in Table 1. As an index of fishing

*effort, commercial fish landings included for six areas (alternately stippled

or clear) along the coast of California. In the upper lefthand corner of each

area, catch mass and its percent of the total catch is given in parenthesis.

As an index of investigator interest, names of investigators (and their

institutions) providing 8 % or more of the record total are added to right of

coastline. The record number and its percent of the total number of records

shown in parenthesis.

0 Fig. 2. Sets of four histograms given for north (upper) and south (lower) of

Point Conception. Beginning with the upper lefthand histogram and moving in a

clockwise manner, percentages of the total catch given for: 1) six gear types,

0 2) male (solid) and female (cross-hatched) white sharks in four size classes,

32
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Table 3. Indicators of annual abundance of the white shark off the western
coast of North America: 1) attack data from Miller and Collier, 1980, and
Lea, pers. com., 2) population censuses and kills of pinnipeds from Ainley
et al., 1981, 3) bite &cars on northern elephant seals from LeBoeuf et
al., 1982, and 4) mortality of sea otters from Ames and Morejohn, 1980.

Indic. 1 2 3 4

Attacks Pinn. Pinn. Kills / Seal Sea Otter
Years on Man [ills* Cens.* Pinn.Cens. Bites Kills

1982 3
1981 0
1980 1 17

1979 2 7 5
1978 0 12 1507 0.008 9 6
1977 1 7 1140 0.006 8 7
1976 3; 4 965 0.004 3 3
1975 4 6 665 0.009 5
1974 5 3 610 0.005 6
1973 0 2 356 0.006 6
1972 3 1 278 0.004 9
1971 0 0 170 0 7
1970 0 1 95 0.011 2
1969 2 3
1968 1 1
1967 0
1966 1
1965 0
1964 1
1963 0
1962 1
1961 2
1960 2
1959 2
1958 0
1957 0
1956 0

4 1955 1
1954 0
1953 0
1952 1

I

*taken from Table I in Ainley et al., 1981 with winter (late Dec.-Feb.), summer
(late March-early July), and-Tall- (late Aug.-mid Dec.)

4
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APFaDIX B A AU IW1 .ZTI4 , TO US? FINNIPED CARCASSES IN BAITING

ti" UNITED STATES DEPARTMENT OF COC-1E7*C
* - National Oceanic and Atmospheric Administrticr;

NATIONAL MARINE F:SHER.ES SER&2-E

Southwest Region
300 South Ferry Street
Terminal Island, California 90731

February 3, 1984 F/SWR31:DJS
1514-01

Dr. A. Peter Klimley
Marine Biology Research Division (A-002)
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, CA 92093

Dear Dr. Klimley:

I have reviewed your request to utilize the carcasses of beach stranded
pinnipeds in your studies of white shark swimming and feeding behavior off the
Farallon Islands, California. I hereby authorize you to obtain a total of
five carcasses of either northern elephant seals (Mirounga angustirostris),
California sea lions (Zalophus californianus), or harbor seals (Phoca
vitulina) from either a scientific institution or a rehabilitation center
authorized as participants in the California Marine Mammal Stranding
Network. In this regard, I suggest you contact Ms. Harriet Huber, Point Reyes
Bird Observatory; Ms. Jacqueline Schoenwald, California Academy of Sciences,
or Ms. Peigin Barrett, California Marine Mammal Center.

All specimens obtained are to be collected either as dead beach stranded
individuals or as animals that died in the rehabilitation process. Please
indicate the final disposition of individuals transferred to you in the
appropriate space on the stranding report form provided by the participant,
and submit this form to this office. All specimens obtained must be utilized
immediatley as described in youi November 29, 1983, letter. Any individuals
not utilized should be disposed at sea or returned to the participant for
final disposition; you may not retain carcasses indefinitely.

If you have any further questions please contact Mr. Dana J. Seagars, the
Network Coordinator, at (213) 548-2518.

ingYRegional Director

cC:
PRBO, H. Huber
CAS, J. Schoenwald
CMMC, P. Barrett
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Publications

Klimley, A.P. 1974. An inquiry into the causes of shark attacks. Sea Frontiers,
20(2):66-75 (discussion of stimuli releasing attack under hunger and aggressive
motivational states).

Klimley, A.P. 1975. A new look at shark attack. Triton, 1975(Jan.):11-15 (reprint
of previous article).

Myrberg, Jr., A.A., C.R. Gordon, and A.P. Klimley. 1975. Attraction of free-
ranging sharks by acoustic signals in near-subsonic range. Technical Report,
University of Miami, 32 pp (effectiveness of different bandwidths of noise at
attracting sharks).

Myrberg, Jr., A.A., C.R. Gordon, and A.P. Klimley. 1975. Rapid withdrawal from a
sound source by sharks under open ocean and captive conditions. Technical Report,
University of Miami, 24 pp (effectiveness of different sounds bringing about
withdrawal in sharks).

Klimley, A.P. 1976. The white shark: a matter of size. Sea Frontiers, 22(1):2-8
(debunking of false record of 36-ft white shark, discussion of the species' true
size range).

Klimley, A.P. 1976. Analysis of acoustic stimulus properties underlying
withdrawal in the lemon shark, Negaprion brevirostris (Poey). Thesis, University
of Miami, 80 pp (experimental demonstration that stimulus parameters producing
withdrawal response are sound intensity and rate of increase).

Myrberg, Jr., A.A., C.R. Gordon, and A.P. Klimley. 1976. Attraction of free-
ranging sharks by acoustic signals in the near-subsonic range with comments on
biological significance. Pp. 205-239 in A. Schuijf and A.D. Hawkins (Eds.),
Sound Reception in Fishes. Elsevier Press, New York (effectiveness of different
bandwidths of sound in attracting sharks).

Klimley, A.P. 1978. Nurses at home and school. Marine Aquarist, 8(6):5-13
(keeping the nurse shark in captivity and an operant conditioning exercise).

Myrberg, Jr., A.A., C.R. Gordon, and A.P. Klimley. 1978. Rapid withdrawal from a
sound source by open ocean sharks. Journal of the Acoustical Society of America,
62(5):1289-1297 (effectiveness of different sounds in causing withdrawal in

offshore sharks).

Klimley, A.P. 1979. Acoustic stimuli underlying withdrawal from a sound source by
adult lemon sharks, Negaprion brevirostris (Poey). Bulletin of Marine Science,
29(4):447-458 (experimental demonstration that stimulus parameters producing
withdrawal response are sound intensity and rate of increase).

Klimley, A.P. 1980. Observations of courtship and copulation in the nurse shark,
Ginglymostoma cirratum. Copeia, 1980(4):878-882 (detailed description of courtship
behavior of the nurse shark).

Klimley, A.P. 1981. Schooling of scalloped hammerhead, Sphyrna lewini, in the
Gulf of California. Fishery Bulletin, 79(2):356-360 (preliminary description of
hammerhead schools including sizes and sex of sharks, group sizes, and locations
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where groups are found).

Klimley, A.P. 1981. Grouping behavior in the scalloped hammerhead, Sphyrna
lewini. Oceanus, 24(4):65-71 (invited overview of research into the social
organization of hammerhead schools).

Klimley, A.P. and S.T. Brown. 1982. A stereophotographic technique for the
determination of the lengths of free-swimming sharks. CIBCASIO Transactions,
11:110-134 (photogrammetric technique for measuring sizes of free-swimming sharks
for joint U.S.-Mexican publication by Scripps Institution of Oceanography).

Klimley, A.P. and S.T. Brown. 1983. Stereophotography for the field biologist:
measurement of lengths and three-dimensional positions of free-swimming sharks.
Marine Biology, 74(2):175-183 (photogrammetric technique for determining the three-
dimensional positions, interindividual distances, and sizes of free-swimming
sharks).

Klimley, A.P. 1982. Social organization of schools of scalloped hammerhead shark,
Sphyrna lewini (Griffith and Smith), in the Gulf of California. Dissertation,
niversity of California, 341 pp.

Klimley, A.P. and D.R. Nelson. 1984. Diel movement patterns of the scalloped
hammerhead shark (Sphyrna lewini) in relation to El Bajo Espiritu Santo: a refuging
central-position system. Behavioral Ecology and Sociobiology (daytime movements of

the scalloped hammerhead as influenced by environmental factors such as current
direction and speed).

Klimley, A.P. in press. The areal distribution and autoecology of the white shark,

Carcharodon carcharias, off the west coast of North America. Southern California
Academy of Sciences, Memoirs (geographical distribution along west coast and

* habitat of the white shark based on capture records).

Klimley, A.P. and D.R. Nelson. in press. Functional analysis of schooling in the
scalloped hammerhead (Sphyrna lewini). National Geographic Research (discussion of
functional significance of schooling).

Klimley, A.P. in press. Composition, structure, and dynamics of schools of the
scalloped hammerhead shark (Sphyrna lewini) in the Gulf of California. Fishery
Bulletin (social organization of shark populations).

Klimley, A.P. in press. Reproductive maturity and ripeness in the scalloped
hammerhead, Sphyrna lewini. Copeia. (Size range at maturity based on indices such
as c.'asper length, testes width, epididymis length, presence of spermatazoa, and
size of ova).

Klimley, A.P. in prep. Schooling in the large predator, Sphyrna lewini: a non-
egalatarian state. Z. fur Tierpschology (comparison composition, structure, levels
of aggression of predation-free hammerhead schools to predation-influenced schools
of small fishes)

Klimley, A.P. and J. Cigas. in prep. Computer interface for decoding of multisensor
telemetry data. Behavioral Instrumentation.

Klimley, A.P. and P. Sikkel. in prep. Differences in stereotypy between
communicatory and non-communicatory behaviors in the scalloped hammerhead, Sphyrna
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